1 253 555 

(11) (ft) 

(4b) ISSOHP J39Q502 



<52) CLASS 309-6 



s 

4 <* 

(31) INT. CI.. 821B 3G/04, UOSO 3/<>& 

CANADIAN PATENT 



CM)-. Keating Rata Variant Elongated tfl.ee trt.caA Re&tatance 



(72) van B^iitond, Cornelia F.H. j 
Vanmeuee, freter, 
CUB. A. 



(7^; Granted to Shall Canada Limited 
Canada 



[21] APPLICKT10H to. 495,353 
(22) PIMD USU21 



SO. OF CLAIMS X 



CanadS 



I'M w »4k0 ft* ft* i*M W 0*nV. -MTtttt 



3 
•2 



1 




3-2' 




y 



I i 



• 4 



• ■ 



* * 



0 1253555dis.afp Page 1 



Paae 2 of 3 

w - 



63293^2601. 

Tfcia invention re late a to a method and apparatus tor 

heating au^elonsftced 8pae<s or- a low at ion- con taiaino, an elongated 

htutor. Hore particularly, the invention relates to *u> alecrtrJ.cai 
resistance he*te,r for heating flu <iion<iat&<l sui>torran.eaa fc<i*oholcr 
At rotaii which are different at different depth** ot the borehole, 

« XX, j.W known to bohotioiai to u*o olongat«d heaters 
auch as well heaters/ for heating intervale at , Bubterranaan Garth 
totmfttLoni;,, plpd intoriorsr or other elongated spaces. In various 
?y"ituation», it is desirable to heat such epacea at relatively high 
10 teffipfiTJHtuTeB tor relatively ion* tinea. Beneficial reaulta 

* ■ r 

obtained by such heating may include pyrolieiog oil sUala 
formations, tdJiiog oil to consolidate unconsolidated rosarvolr 
toroiatioAS, tfoKing oil to form electricaLly conductive carbonized 
zones capable of operating ae electrode* within a reservoir 
*ortfiat£on, the really displacing hydrocarbons derived fro» oila or 
tare, into pvod\i<*tloAV oris, preirfc»tins forftatiott of hydrate, 

prftiii.pitatos, or the like in fluids which are being produced from 

A I * ■ ^ 

\?*llia and/or ' tww«ltw<l through pipeft; or th* iiKe. 

t 1 — % 

The inVft/ltiOA »i».a to provide a heating apparatus which 

* ■ ■ r ' 1 

20 is capable of generating heat at different rates at different 

depth* ill a xe-ll. 

In accordance with the invention there is provided Xrt a 
process in which subterranean earth formations .within an intorvttl 
(lioro^thnn 100 foet long are- heated to a temperature of wore than 
tiGo°C , so that heat in injected imj b * tan ti ally uniformly into that 
interval " f an iwiprovoment for constructing and installing a beater 
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bdvinqr an electrical cable heating aection which is free of 

- Kp.lSces, oouotisings contfti-Uo'tiutf said h*ating--cablo section- by 

compreaaiveiy swaging at leaat one portion of a }uaotion-:tra« 
electrical heating cahla to reduco ita aist* at said at li*AJ5t ono 
portion, said cable la at l,eaat. a» long as the ftertb formation 
interval to be heated find comprised an axiaily «lltfftcd, wallaahlo, 
' electrically conductive core surrounded by granular mineral 
> insulation within a (natal ahoath, ao that avaged pMtion gronoratec 
heat at a rata higher than the uno'/aged portion; correlating the , 
10 . location of^said swaging wi.tb the pattern . of hfiat conductivity in 
the earth formation, interval bo that at leapt one ooniprewftively 
/waged portion of the cable t* located aion* tha cahie in a 
position auch that, when the cable ia extended along the &&vth 
formation interval to be h-iatod, the compresaivoly swi.go4 portion 
is adjacent to a portion of the earth fornat ion interval in which 
the heat conductivity is reifctivoly higbf connecting onid 
fjQloctively swagod heating cable section to at least one power 
supply cable and spooling the interconnected cabieaf and 
un spooling the Interconnected cables Into a velJbore along with a 

■ ■ ■ * 

20 t/esght" supporting metal conduit while, periodica} iy attaching the 
cable* to the conduit and extending the cable a and conduit to a 
depth at which the con.preBUively a waged portions of the cable are 
positioned adjacent to tUo earth formations having a relatively 
hitjh thermal conductivity. 

1'hc invention will now he expLained In more detail w3tfi 
reference to the accompanying drawings P in vhiohi 

2 
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Flsrtira I is a throe- dimensional illustration an 
. electrical W-Coiwiiicttve captaining staged and «o*v«y&d— - — 
portions suitable fox use in the present invention. 

fftgur*. 2 sohe^atioally Uluftracee tbe initialing of an 
oloctrical xe&iatanca heater within the veil In accordance erifch 
the pre&ent Invention. 
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- - Figure ■3*3hcsro--a-^Hoe'-}x^ , een-a-n^al^aat<»di insulated 
pour supply cable and a a»talr sheathed insulated cabla stlitab.le ah 
a heotijtg element' of the present invention. 

Pl<rares 4 aud S> illustrate splicos for electrically inter- 
5 connoting the ccrriuctive cores of a pair of netal-shfiattaed flinaral- 
inflated heating cablee soitabla as bolng cabJ.es in the present 
Invention. 

figure 6 shows an olcctrjcal pewer supply dLroolL suitable £or 
use in the preeenrt irmititim, 

IjO - . Uv3 preeent invention is at leash in part premised on a 

discovery that the propertios of an electrical conductor {such as a 
iretal-shoathed solid irstHriAl-inaulated electrically cccductive 
cable 'ccntalnlngf -a single oopper coro) are su^h that results of an 
application of oonpresoiv*; stinging to ths outside of the roetal 

15 t&eafch are transnuttod through the insulation to thi> core of- the 
cable in a manner such thit each of: these ocnporjeffits ore 
subetantially siOTjltasieojsly reduced in crnBs-«sectiuflai circa by the 
s«rc> relative amounts. The reductions In, the cable core crcss- 
Hsctional area can be controlled to cause the swaged portion of the 

20 oable to generate a significantly higher amount ode heat per unit 
time thai; that which would have been goRerateti without tins swaging, 
avian at a substantially lov-fex tE^peratiira. 

in a parof erred cotoodimeurt of the invention, such a swaging in- 
** dem by a. process ot rotary swaging, amounting to ocitprcssir^f the 

25 cable with many blows applied by rctatiivqr dies. Rotating swaging 
devinaB and techniques &ro known and cqowrcdally available. Such 
TTochinaa cccironly corrfcaJ.n tw) die? Which recipenncate rapidly as a 
spirjdle in which ths*y aru oountod 1c rotated. A ccsqanssaive rotary 
swaging operation involves' a toacrcnexing action which has t£« saica 

30 bfiiftofidal raaberia3, on netal an forging. It produces a desirabXa 
grain structure rasultirjg in an increaflod tensile strength aivl 
elasticity. Tha cold (in tcaperatuxej swaging tehdB to work harden 
ncflt jretalllc materials- If deaired, such a hardening t»n b2 ifi&dfi 
more flescibls by annealing. 



.t.. 
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in a rotary swacfiJTy operation, the extent to vrtrich the swages 

- material -5a reduced In crces-sect Lena! .larxsa oai\ 1« ^controlled .very. . 

accurately. Pnr esawplo, 4 sirxz> a cnetoa-ahaatbedl solid nafcerial- 
insulated a-icpar-coosd cd<x*rically*condurtivc ©able heNwee as a 
<3 irate rial during a notary waging operation, such a cebte 

havirxj a dismertser o€ freen ai>Dut 0.68 to 1.25 cm can be awiged to a 
reduced dilator with accuracy about plua or tninuH 0.0025 cm. 

figure 1 illustrates swaged and unawagod portions «f a" coble 
preferred tor ubb in the present invention, let the cabbs show, a 
10 stainless steel sheath 2 surrounds a ndr.eral insulation 3 

> consisting of highly ramjareseed grains of magnesium, oxide and a ' • 
Boiiei trarfuetive core 4 of stibctmitially pare ccpp&r is 
concewtrloaUy surrounded by the insulat-iou and sheath. Id a cabte . 
of the type shown, where the inner and cutor diameters of the 
1$ Rhaath 2 7,25 and 9 rcm and tha diamatoor of the core 4 ia 3 sin. 
. iu the unmraged portion, the cabte may gansrata a temperature at 
about 600 °C when oanductiny L80 cirpenes of altorrjatlng currecrr-, 
- However , ii\ a swaged parties of t]\e cable having a diameter reduced 
by a beoperature of about 850 *c is geroratad wheel tho cable > 
' ' 20 is oonductirg the ssroa c*jrrent in tho ssxne environment* 

In a pro 1] erred eahodiinent, the present invention can be 
utilised fbr providing a tbrnation-tailorad method and apparatus 
for uniformly heating long intervals of subterranean earth 
ftarmaticois at high temperature, fcconrding to this netted 
2f5 sii>terraneari intervals are heated vith an electric heator 

oanta.tiii.ng at .lesRt one spoolable steel-she&.thei mineral- insulated 
cfibla having a salid central oens of high olectt-ical amductivity. 
Such a uablo can bs arrange:! to heat tha earth fiorruacicrjB so that 
haat i*; transnitted into tha formations at a substantially uniform 
3f) . rata, evert when the heating involves more than about 330 watte per 
netre at tEsipfiiriitarQS between about 600 aod LOO0 *C. The urilforndty 
of the. bent ttzOLbtoitiCiato is ertsuared by providing the heater with a 
' pattern of electrical resistances with fepth within the well 



V 
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onrYQloted with the patten* of heat conductivity wi<-h <Septh withiri 
: " thssiarrounding earth forioatXcins^ - - - - ■ - — -■- - - - 

Figure 2 shown o prsforred eirlyviiirent of a woil heater erf the 
present "hwention baing installed within a wall. As tfirwn, a pair ' 
$ of selectively swngad' haafcer. cables with Bwngaa and unswaqed 
portions of tfca tvps tficwo la Figure 1 are being unseeded *.noo a 
■v6Ll fron spooling means 5 and 6 while a support irembar 7 f such as 
a wire lino or gpcolable metal conduit/ is ooncivrtaUy unapcolod 
into the well f row a spooling ireana (rat shown) . The lewer end of 
ID the support neans 7 is attached to a motor Aft&tfJttf 8# sw* as a 

winter baz for a vertical well or a etrnpnblft or other KDcor ireana 
for * substantially horizontal toU. 'The 1onbt ends of the heating 
cable, evagei portions lb, are uechsnicaily attactiHd to a cable 
junction or enrt-conn«ctar 9 in **iich the conductive cores arc 
15 electrically Interccroeirted (as shown in imore detail in Vigura 4). 
■rha juration 9 la a\art mechanically connected to the support irenkxnr 
7 , for exnupia by a strapping means 12. The lewar <ands of the cable 
portiona, vihlch are swaged for increased heating, arc oloctrically 
interconnected an the erxt oaniveclxxr <> and poeitiooad to extend 
20 through the zoiid ealeobad J!or reooivirjg the increased parting. 

tha unswaged portions la of the heating cables, designed fior 
minixiBl heating along the* sono to be heated* are poaitixaroad to 
extend above the swaged portions lb for a distance sufficient to 
reach a zone which ia cool eraigti for an intcxoKir^ctiijn of the 
2-5 heating cable poetic«s la with pewar supply cables 10 by meana at" 
joints or splices 11 for electrically and inas3intsically inter- 
' oonnectixg tha powor supply ing ajvi beating cables . Iho power supply 
cables 10 ore arranged, for carrying a selected amount of current 
while generating only a /ainiirftl araounc of heat, Tba details of 
30 suitable mechanical and electrical cable connecting joints for UbC 
with uetal~sheathed mineral-insulated power supplying cables are 
illustrated In' Figure 3, 

As the boating and power supply c*ibla& 1 And 10 are run into 
thd wail , along vritJti tJie weigbt-aupporting strand ? # the cables are 
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periodically attached to the strand 7 by neana of clait^je or 
etrc^jping outsails 1.27 ^jcVclawpe iurcTarranged fear creating a 
friction between the cablsa and stt&nd which ie sufficient to 
support the weight df Ova lengths at tha cable? which axe lixaatcd 
botveeu the clasps. 

Figure 3 illuatriifcss details of. preferred arrangwentB of 
splices 11.. fta shewn, tha power supply cabla 10 haa a tnatal sheath - 
14, such as a ceppar sheath/ surrounding insulated olectricaUy 
conductive oxc 13 having' a acxrbitviUcn ot croRw-eestianal area and 
electrical re3istar.ee per unit of length adapting it to carry the 
current to be used in the beating epGration while gecerating only 
an ^significant ouwie' of beat. A» shewn/ the pewer cabla ahaath 
14 aa veil as a power cable core 13 &ro larger than tba sheath 2 
and core 4 of the unswugoc* portion exf beating oablo la. ttts 
conductive cores of the cabla are electrically interconnected, 
preferably by raiding* In general, the power cable can apprise 
substantially any type of electrically oanductive cable which ia 
adequately heat stabte at the teirpsrature generated by tha iniriirnura 
heating portion of. a beating cabla such aa la, Where rhe ^Bxiircim 
selected nesting fcerfperaturo is suf.f iciently low and/or the 
distance bal^een the power supply and zone to bo heated is 
adexniabeLy short, tha power supply cable c*n comprise a irotal- 
sJieathed mrjeraL-infrU'latfld *Dli<<-<:ared cable which is selectively 
fr*aged to .provide tto tfoloetod heating ten^axatjure ao that no 
slices such aa splice a 11 aro naoded. 

As 3bown in Figure 3, a relatively cbort^sOeeve 15 f such as -a 
abeel ekXNC, is. fitted around and weldod or braced* or otherwise 
jreohanically attached, to the aheath 14 of the power' cable 10. Tba 
aleeva 15 is prefcrabiy selected to hava an inner diaireter forming 
an annular spaco botweeh it* and aheath 2 largo enough to 
a<xwBXxlate a bhorter atoel* sleeve 16 fitted around the sheath of 
Kte cable la> In a priof^rrod asseiifcling procedure, before ioeertir.g 
the short -sleeve . r l6, substantially all of tbe annular t$*»ca between 
the cable core tranters 4 and ,13 and oleeve 1.5 Aa filled witii a 
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T .pondered mineral lnsuLaUiin_ material such as nwgneaiuni oKidie. -The - 
irv5ulRti.ng material i& preferably deposited within both l:he annular 
apeoe between the. cable cores and the sleeve 15 as wU as the 
space between the bIhbvc 15 and the nhsath 2 ci the cable la, and 
5 vibrated to <x*rpact the cross of particles- Sleave 16 oan tJien fce 
driven Into Che speua between the si ewe 15 and sheath 2 so that 
tha crass of ifldJiercO. ineulating particles is compacted by the 
driving force. Sleeves L5 and IS and a heath 2 are then welded or 
jbra^ei together. 

10 ficnare 4 illustrates details of an end oonnosfcor or splice 9. 

As shewn, cables lh ara coctardfid through holes in a steel block 9 
so that start sections lc extend into.* cylindrical opening in the 
central portion of tha block. Ihe e1ect.rical.ly conductive; oore^ of 
t.ha cables axe welded together at veld 17 and the cab.Le Shaaths are 

1? tfttldsdl bo block 9 at welda 18- Preferably, the central conductors 
□f the cables are snrrcranded by a heart stable olectricai inhalation 
such as a niitsa of enrapacbsd po»2er<-d mineral particles ajuVar hy 
disc? o€ ceramic materials (not shown) , after wbicA tha central 
evening is sealed, for exampla, by welding-^ piecea of steel (not 

20 shown) 4 Where the heater is supported/ as shown in Pigure Z f by ' 
attaching it to an elongated cylindrical structural member 7 f a 
groove iy is preferably formed along an oxtcrior pectien of end 
BpXios 9 to mate with: the structural cnefldbar and facilitate the 
attaching of the end piece bo that member, for axarople, by a. 
strapping ctenna 12- 

.Figure 5 shows a preferred type of end connector which 
eliminates the need for cutting and raiding a heater oublje to form 
a pair -of heater eobl&s, such as cables 1.6. Wie beater cable is * J 
siirply bent inm a U-turn ami tnechanloaily clanged to block 20 by a 

30 lcolted-<ax clamping plate 21. The> block 20 is preferably provided 
with groove 2?. to facilitate tha atoning of it to a cylindrical 
structural iHSfifcer sonh as the cylindrical member 7 shewn in 
Figure 2, . 
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in general, tte p^r supplying eXenehtBcra cQmpriee 
substantially any or DC sytttfti capable of causing a haati>r of 
tha. present type ro heat at the scooted relatively high rato. .such 
a heatlrg rato cen be about 3in watte par metre or nor*. 
5 Ficture 6 i& a diagram of a preferred arrangement erf 

alternating current olectrtoal pawar supplying elecneota suitable, 
for the present typo of heater, 'fhia arrangement Includes Dc/o , 
inverse,' parallel, siZicen-cmtrolled rectifiero <9CRs) in the 
circuits of both elements of a two-eJement heater « In such a 
10 balanced system tha heater legs should J» equal resistance 90 
that tha cable core jvostiuri, point A, CwiiMn end ocmnector 9) can 
raisin at zero voltage or virtual ground potential, Ifce sheaths, of 
the heater cablos are connected to the grounded oetitre rap of the 
transSomwr *rcntxiary- Since paint A repreoantB the welded 
13 connection within the end pifco© 9, the potential dif ferenoa between 
the connection and the housing will 1» zero for all practical 
purposes. Ttese points could be in electrical contact N'ithout any 
conduction of current* At points advancing upward along the lege of 
the heater, the potential difference between tho shew ths and the .. 
20 oesitral coodEuctor can increase and finally recch me«inMin3 sucri as 
pliiH or minus. 2<0 V. 

Xn various situations in uhich an elongated space ia to be 
heated, tt» in aitu thdexmal conductixri tray vary *i^ifi«antly 
within various layers or iooatjkyns along that apace. A mora hoat 
conductive layer will carry off thft hoat generated by a heater 
faster than a less conductive layer. A£ a result* tne tenparature * 
maintained by an electrical reaistancci lioater carrying a given 
amount of current will Y;e ]jower opposite □ acts conductive layer. 
In situatLonfc in which it is desired to maintain a Clat or undfortn 
30 beating rat© alojtg the space being heated, it is dasirablo to 
reduce tbe heater core cross-ascfcional aroa in orcar to generate 
?\eat at the aane rate as that in other portions of the heater which 
are letter. 
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An electrical resistance heater can be ciueud to *jax;fate 
selected heart Incr rates at different . Locations, along tha heater Jry 
iwsfcallio;; heater sections ccntidnliyj conductors of varying ctce 1 *- 
se-jtions, '.toe tauaLLer acre or oavductor cross-secticnB exhibit hots 
'rasistaww to tfa electrical cm tent flew and thus generate teat at 
a rate rdgber than waU be generated by e thickar core at the state 
ten^arature. Par exaaole, it can heat at a salocted rata at IovjCX 
te-itpsrature existing along & relatively mora hent ootiducuive .layer 
or ccmi! vithln tha apacs iwi&g heated, 

tbo present invention provider a method of causing a heater 
havir/g an electrically conductive core which ia eootinuous and . 
unitary to generate ccnetant and/or .selected aammtfl af heat alcrq 
one or a multiplicity of differenrt portion* of the heater without _ 
requiring a jtoltitude of heating cabl* slices. Particularly where 
tha heating is tn ba conducted at- relatively high toi^eratiTreH far 
long times, aiding proMeras and cpportnnitiQB fiar leakage are 
inherent in* any cutting and solicing of electrical hftatingr cablaR, 

In respect to an electrical neei stance heater corrpriaiyig a 
pair of electrically iutnrconnacted ratal -sheathed solid mitcrial- 
insulated cables each containing a malleable octal, electrically- ^ 
conductive oars, foisr gets of rotary switching dies cap be arranged 
for providing percentage 3 of tfiairetxical reductions of S f 12/ IB 
and 24 in tfca inibial overall daaheter of <sach oable and its 
ccncbrjtive core. By reducing- one portico erf the cable diameter by 
5% and another by 12%, the overall reduction is 9%., &/ such 
procedure? ^ the overall cross-kcticoal reductions for both legs of 
.the bsatex can be provided in eight steps of roughly 105 each. l?or 
cocaKple r see tihe fallowing table: , 
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LSs'l . LEG 2 OC»fc MBS 



6 6 

6 6 

12 * , 12 

12 J.S 55.3 

* 18 L8 

1,8 24 • "?5.0 

.24 24 84.5 



m s«ch a procedure, if the ^Jxwe-deacribaa proforrod pcwsr 
supply is to be used, it is rtftS2£sary that each, leg of fcha fcoater 
after reductions in its care diacnBbar have «i overall reeiatance 
equalling that (if the otJier leg after reductions in ita.cvnns 
S diameter. This is neoessaxy to en sure tho tare voltaqe potential of 
tlie iTiterconrttcted ca^uctora in the erd piece. Tfrua, it is 
neceaeary tp. divide the over&ll extents of electrical care 
reducticna evenly over both langtHeof the haater. 

Substantially any oanpi'ssiive Wwjifl? procedure which is ooM.s 
10 substantially equivalent to rotary swaging oeu suitably be used in 
practising "tto pre wait invention » Sables of starring rachinas 
and/or techniques which can cuitably ba used are inc.liiRi^ of die 
closing awaging machines, such as thnee jfcsnuf acftured fcy The 
T^rrimyton Ctj:(^any P or Abbey /tetna Xtechine ftxrpsny or rem 
t<5 ^nofacturing, etc. 

Ptwer supply cables capable of, transmitting the amount of 
current selected to be ueod while generating only a relatively 
''insignificant airount of haat and having sufficient thermal 
stability fox electrical and laechknicel afciiactament to the motel 
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steadied cable selected for gererating a cairilnruiQ aweunt of heat can 
suitably be uned in this invention, Hscanplas of each cabtee include, 
those available as Qicc/Pyrotenac t4I cables. 

In general, in a situation to which an electrical cofiductcr 
need not fco insula ted, the present InvGntioa can ba practised vtfch 
substantially any eXft^trical conductor which 1b continuous and 
unitary (i.e. is a oan^nuaia body, froo of toterramectsd ' &t®cmts 
ox !?trarjde> and has a coze or conductor thickness (i«e„ a cross- 
sectional area of the clect-xically conductive irateriaU Nhich is 
different in diffewsit locations along the length of the electrical 
conductor. Preferred el<xjfcrioaI oondactors cixraprise siivfi* 
conductive corse of malleable metala or ailoya surrounded by a haat 
stable solid j insulated material within a beat atable *atAl sdieath 
euch as refractory pewcer or solid fibre insulating materials 
within copper or stool sheath*. A copper core surrounded by 
powdered wagrwaiuisi oxide within a copper sheath for use ab-nodarato 
temperature*, or a stainless steel sheath tfor use at M^h 
torperatureB, is particularly preOerred, 

In general, the present invention can te Mtilxrod to initiate 
and itaiutaJn a substantially unifiorm rate ot lieatirjcf along a space 
containing at least one portico having a relatively lew rato of 
lieat oenductivity and/or to establish and raaintftJn a- relatively 
higfr rats of. heating along selected portions along a spaoa 
. thrcajhoat which the rate off heat cccxSuctivity is nearly utufoim- 
Ifce variations in haat concluctavity with distant &lcog an " , 
alcngabed pith can be cfetartnlned by tueann of ynsnerouc knewn and 
available ds7ica3 and techniques. 

in a particularly preferred procedure for utilizing the 
present lmention fpr heating along a path along vfrich the baat 
conductivity is nor^-uniform, a selection is mads of the rate of 
heating to be provided, when an electrical conductor having tha 
ccnipceition to ba used is conducting the ancurrt of current to ba 
used within □ hortoganacus medium haying th& lowest heat 
conductivity to ba encountered aJcng the path to be heated. The 
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niaxiiTwav thicknaBS for t'ne eLentribal-cxx^octar to ba \iscs3 is tru- 
ths ttricJcneaa which providsa that rata of beatii^ in that 
situation, 'Lbe thickness of portione of the octfductcr to be 
poaitiaraed along portions ot tliR path which have Ivicjher teat 
conductivities are then xcfe titfrosr to an extarit substcwitAally 
caipensating for tha nor* rapid carauctingraway of the l*eet by 
those higher boat oaaickir*ivitles. 

ftlterrati^ely, where it ia ceeirable to generate heat at . ■ 
relatively rapid rates, along 'portLoM of a path to ba heated (for 
' exarrple, alung top and bottom potions of a mabterram&n oarth 
format* un) such <iri arrangeipent can ba n*da f a.Ytho.jgti thB heat 
conductivity mny be substantially uniform all along path to be • 
heated- 'Ite conductor thickness a«.i resistance, to be used along 
most of the cattle conductor are selects bo provide the selected 
rata of hating along a banogeheous irafcexial hawing the luiat 
' conductivity 'ocmTCO to aoat of tho interval to be hearted.' Then, fl» 
tfore rapid heativjg rate along selected portions of the path can be 
obtained by thinning the portaonfl of the conductor to be extendad 
along thoae portions, oil the path* 
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THE ft^bOPIOlRJlTS OP THE INVENTION 1? WHICH AH _ _ . . - 

PftOPSHTY OR PRIVILECB IS ClAIMKn ARE DRPIHED AS Jj'OLLOW&t 

1. . In a fl-ocBas in which aubterranean earth formations 

within an interval more thaw ion f.eet Long are hodcad to a 
temperature ot noro than 600°C., ao that heat is injected 
aubatantiaXly \initor».ly into that interval, an improvamant fax 
constructing and installing a heater having an elsctrical cable 
heating section wht&h ia free of dplic<ifc, coiwrifting > eonotru-ctiaqr 

h^atln^f cahla taction by compresa tvaiy swaging at. leaat on« 
portion of a juootion-tree eleotcical heatliGtf cabla to rcduca its 
size At B«id at loast one portion, said cable ia at least aa long 
aa the earth formation interval to ba heated and comprises ah 
.ax*al\y aU$ned r matleafcla, olactrically conductive cora 
surrounded by granular xUne*ai insulation within a net&l shtatfc, 
bo that avaged portion generates boat at a rato higher than the 
un&vaged portion;, correlating the location o£ said swaging with 
the pattern of heat conductivity in the aartn formation interval 
BO that at loast one compresaively swaged portion of the cable is 
located along tha cable in a poeiuion such that, vh*n tho cable in 
sxtendeU along the earth formation interval to ha heated, the 
ccmpraHsd valy swaged portion *ia- adjacent to a portion of tU« earth 
fiorm at I on interval in which the heat conductivity ia relatively 
hlffh)" connecting said selectively pvagert heating cable flection to 
3t least one power supply cahle <nnd apooiincr the interconnected 
cables? and unapooling the interconnected cables JtntO a wellborn 
along with a weight- supporting metal conduit vhile periodical 
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aT. tAch't ivq- t U e c aX>*JLe ft t c> t U>. TconcJu i T. a.w d" jfx t e adi rig the cables and 
conduit to a do$t)j at whicfc the comp rsss ivoly suased portions otf 
the cable are portioned adjacent no the earth tarnatione having 
ralattivolv high thermal conductivity. 
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UEKTAJflG RATS VARIANT 
ELGKGKTED ELECTPtCAt KESIffJWNCB IIEATER 

ftn electrical rDfiJUtaiice beaeer capable o£ giaaarating teat at 
different rates at differnrib locations a.lcng ita length crarprlses a 
continuous and unitary electrical conductor banriwg a thkJaicsa 
tfiirii is different at different lccaticos oloug its length. 
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